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1. Introduction  
Organic molecules adsorbed on metal surfaces have been widely reported because of the 
potential application on electronic devices. Understanding growth behaviors and properties 
of organic thin film on metallic electrode is a fundamental step to realize this goal, which 
attracted much interest in recent decades. In this context, metallo-phthalocyanines (MPcs) 
and their derivatives are intensively studied. However, most of related works above are 
based on weak molecule-molecule interaction system dominated by weak forces between 
ligands. A series of Pc derivatives that could have a strong intermolecular interaction have 
been synthesized, called metallo-tetrakis(1,2,5-thiadiazole) porphyrazines (MTTDPz). 
A family of heterocyclic π-radicals family have been widely studied, as the dimers are 
disposed to thermally driven diamagnetic dimer to radical reversibly. In this field, TTTA 
has been intensively studied because of large thermal hysteresis loop between paramagnetic 
high temperature phase and diamagnetic low temperature phase.  
In this thesis, low temperature scanning tunneling microscope (LT-STM) studies of 
CoTTDPz and TTTA adsorbed on Au(111) are reported. Real space STM imaging and 
scanning tunneling spectroscopy (STS) are performed to characterize the bonding 
configuration and electronic properties of molecules. In addition, spin property of 
CoTTDPz is studied by detecting Kondo resonance feature near the Fermi level. This work 
is probably the first real space observation of TTTA adsorbed on surface.  
 
2. Methods   
STM is operated at 4.7K by using liquid helium, substrate preparation and molecule 
deposition are carried out in ultra-high vacuum (UHV) chamber with a base pressure up to 
10-8Pa. Au(111) substrate is prepared by 
repeated cycles of Ar+ sputtering and 
annealing in UHV chamber. Conventional 
tantalum molecule boat is used for thermal 
sublimation of CoTTDPz, whereas gas 
adsorption method by variable leak valve 
(VLV) is applied for TTTA because of its low 
sublimation point. The route shown in figure 1 is pumped to high  
vacuum and heated to avoid condensation of TTTA gas.                   Figure 1 
 
3. Results and discussion  
CoTTDPz on Au(111) is studied from sub-monolayer to multilayer. In first layer, lattice 
and STS features are influenced by Intermolecular force and enhanced molecule-substrate 
interaction, showing significant difference from MPc. Two phases of second layer are 
confirmed after subsequently deposit, labelled by Ⅱa and Ⅱb. They have different tilted 
configuration and Ⅱa shows interesting bias dependence in STM image. Kondo peak and 
kondo-IETS mixture are observed 
at molecule adsorbed at perimeter 
of second layer, substrate-molecule 
interaction mediated by perimeter 
molecules is supposed to be the 
reason.   
Figure 2 (a) Topographic image of 
IIa film, obtained with the 
unoccupied state (up) and occupied 
states image (down).    
(b) Lattice of IIb, two lobes are 
missing in this phase. Molecules 
are marked by crosses; red circles 
indicate the two higher lobes and 
white circle for lower ones. One 
unit cell is labelled in figure. (c),(d) 
Kondo features appeared in STS; 
Blue and green are obtained at molecule at 
the perimeter, red one is at the center of the molecule which is magnified in (d). 
 
Coverage of TTTA is controlled by adjusting exposing time and annealing.  When coverage is 
around 1 monolayer, TTTA molecules form N-N σ-dimers and coordinate with Au adatoms 
from substrate, arranged in strip lattice. Two types of TTTA-Au condonation are confirmed and 
both of them are chiral structure, electrostatic bonding is also observed in lattice which only 
appeared between two identical strips. At low coverage, hierarchical structures made up by 
threefold units are dominating. Arrays and triangular superstructures made up of 
triangular-protrusion units are observed.  
  
 
Figure 3 (a) Strip lattice at about 1 monolayer, two types of chiral structure are confirmed 
named α and β, model of β is shown in figure. (b) Arrays made up of triangular-protrusions at 
low coverage. (c) Hierarchical structure made up of triangular-protrusions at low coverage. 
 
 
